To provide comprehensive temporal trend analysis of 5-year relative survival rates of laryngeal cancer using the Surveillance, Epidemiology, and End Results database; and to expand on prior reports by including inclusion of laryngeal tumor location, stage, age at diagnosis, treatment strategy, and histologic grade.
change (P =.01 and PϾ .05, respectively). For localized glottic cancer, survival remained stable from 1977-1978 to 2001-2002 . However, patients with regional and distant glottic cancer demonstrated a significant decrease in survival in the past 3 decades (PϽ .001). This trend was independent of treatment strategy. Finally, the proportion of well-differentiated tumors in patients with regional laryngeal cancer decreased over time (PϽ.001 for supraglottic and P=.007 for glottic).
Conclusions: A decreasing 5-year survival trend was found among patients with glottic cancer who had regional disease and in all patients with distant disease. Histopathologic trends not previously reported in those with laryngeal cancer seem to parallel those seen in other tobacco-related cancers. These trends may reflect the effect of birth cohorts and implicate the relationship between carcinogenic exposure and host factors, rather than the influence of treatment.
Arch Otolaryngol Head Neck Surg. 2008; 134(4) : [370] [371] [372] [373] [374] [375] [376] [377] [378] [379] S EVERAL RECENT STUDIES HAVE suggested that the incidence of laryngeal cancer and other smoking-related cancers is declining in North America [1] [2] [3] and Western Europe. 4, 5 One factor in this decline may be decreased exposure to carcinogens, specifically tobacco. It has been hypothesized that this declining incidence may reflect achievement in antismoking efforts.
Diagnostic technology and treatment for laryngeal cancer have undergone significant changes during the past several decades. [1] [2] [3] [4] [5] [6] However, the impact of these changes on survival rates of laryngeal cancer remains unclear. A recent study by Hoffman et al 1 reports declining survival among patients with laryngeal cancer in the past 2 decades. Stratification by tumor location is an important aspect of laryngeal cancer survival data because glottic cancer is known to impart a better prognosis than cancers originating in the supraglottis. 7, 8 Notably, prior studies have not included other factors known to influence survival, such as histopathologic tumor grade, in their analyses. In this study, we analyzed changes in 5-year survival rate according to laryngeal subsites and tumor stage. We further considered the relationship between these survival trends and age at diagnosis, treatment strategy, and histologic tumor grade.
METHODS
We obtained data from the Surveillance, Epidemiology, and End Results (SEER) program of the National Cancer Institute 9 and applied information on cancer diagnosis only to the residents of 9 population-based registries (ie, 5 states [Connecticut, Hawaii, Iowa, New Mexico, and Utah] and 4 standard metropolitan areas [Atlanta, Georgia; Detroit, Michigan; San Francisco-Oakland, California; and Seattle-Puget Sound, Washington]). 10 We used SEER computer software (Stat 5.2.2) to conduct survival rate analysis. We selected cases of laryngeal cancer that contained follow-up information. The Interna-tional Classification of Diseases for Oncology site codes used for laryngeal cancer are C320 (glottic), C321 (supraglottic), and C322 to C329 (all other laryngeal cancers). To better estimate the survival of primary laryngeal cancer, we excluded patients whose laryngeal cancer represented a second primary malignant neoplasm.
To compare changes in survival rates, we designed 5 patient cohort periods: 1977-1978, 1983-1984, 1989-1990, 1995-1996, and 2001-2002 . Each of these 5 patient cohorts consists of data from a 2-year registry and contains data for an observation period of 5 years. The design of the cohorts ensured that the individual 5-year observation period for each cohort did not overlap. We assumed that the variation of survival rates of the 5 patient cohorts represented the trend of laryngeal cancer survival from 1977 to 2003.
Five-year survival data from these patient cohorts were further analyzed according to 2 subsites of the larynx (glottic and supraglottic) and tumor stage at diagnosis (localized, regional, distant, and unknown). In the SEER database, localized disease is defined as "a malignancy limited to the organ of origin." 9(p6) Regional disease is defined as "1) extension beyond the limits of the organ of origin directly into surrounding organs or tissues; 2) into regional lymph nodes by way of the lymphatic system; or 3) by a combination of extension and regional lymph nodes." 9(pp5-7) Finally, the SEER program characterizes distant disease as tumor that "spread to parts of the body remote from the primary site, either by direct extension or by discontinuous metastasis." 9(p8) Cause of death, as indicated on the death certificate, was grouped into 3 broad categories: laryngeal cancer, all other cancer, and noncancer. Three categories were used to calculate causespecific survival rates for laryngeal cancer (ie, death due to primary laryngeal cancer, death due to metastatic disease or second primary cancer, and non-cancer-related death). In addition, treatment modality, including surgery or radiation therapy, was assessed. Within the SEER database, treatment with radiation encompasses all forms of therapy, including external beam, radioactive implants, radioisotopes, or a combination. 9 Information on chemotherapeutic agents is not included in the database. Further analysis was done using patient age at diagnosis. Within each cohort, patients were grouped into 3 broad age categories: 20 to 49 years, 50 to 64 years, and 65 years and older. The Mantel-Haenszel method was used to calculate overall rate ratios (RRs) for 5-year survival rates, period-specific RRs, and 95% confidence intervals (CIs). The survival rates of the 1977-1978 period were defined as a reference category and those of subsequent periods were used in comparison.
In the analysis, we described age-adjusted incidence rates for glottic and supraglottic cancers to explain the variation of survival over time. To test statistical significance of incidence trends and obtain estimated annual percentage change, we used joinpoint regression to analyze the age-adjusted rates based on 2-year combination. The joinpoint regression model is a statistical method that describes changing trends over successive segments of time and the amount of increase or decrease within each segment. 11, 12 The statistics derived from these models are the estimated annual percentage change and 95% CIs of the estimated annual percentage changes.
RESULTS

INCIDENCE
Age-adjusted incidence rates for glottic and supraglottic cancer are shown in Figure 1 . Overall, incidence trends at both sites varied with age and stage. A significant decrease in the incidence of local supraglottic cancer over time was found among all age groups ( Figure 1D -F). In the oldest age group (those Ն65 years), the incidence of regional supraglottic disease increased ( Figure 1F ). For glottic cancer, the incidence of local and regional disease decreased significantly in the youngest age group (those aged 20-49 years) ( Figure 1A ). In the 50-to 64year-old subjects and in those 65 years and older, this decreased incidence was seen only in localized glottic disease ( Figure 1B and C). Overall, incidence trends for regional glottic cancer were nonsignificant in both older age groups ( Figure 1B and C). Figure 2 depicts 5-year relative survival rates for supraglottic cancer. In 1995-1996, the 5-year survival was 63.0% for localized disease, 46.1% for regional disease, and 6.4% for distant disease. While survival rates for local and regional stage supraglottic cancer have not significantly changed over time, a significant decrease was found in 5-year survival of distant stage supraglottic cancer ( Figure 2C ).
SURVIVAL
Survival trends of glottic cancer also differ by stage (Figure 3 ). The most current 5-year survival statistics by stage are as follows: from 1995-1996, 5-year survival was 90.6% for localized disease, 60.6% for regional disease, and 27.4% for distant disease. For localized disease ( Figure 3A ), 5-year relative survival rates were nearly identical for 1977-1978 and 1995-1996 (89.6% and 90.6%, respectively). Thus, no significant survival trend was found. On the other hand, a nearly 20% decrease in survival over time was observed for regional and distant glottic disease (RRs, 0.80 and 0.74, respectively; PϽ.001 for both). Specifically, the 5-year relative survival rate of regional glottic cancer decreased from 78.6% in 1977-1978 to 60.6% in 1995-1996 ( Figure 3B ); and for distant stage disease, it decreased from 52.7% to 27.4% ( Figure 3C ). There was no significant change in survival for unstaged disease ( Figure 3D ).
Additional analysis of the decreased survival trend of regional glottic cancer is demonstrated in Table 1 . Patients with regional glottic cancer are grouped by age at diagnosis, and survival rates are categorized by cause, thereby distinguishing cancer-and non-cancer-related deaths in each age group. In the 50-to 64-year-old subjects, the 5-year glottic cancer-and all cancer-specific survival rates significantly decreased between 1977-1978 and 1995-1996. While not significant, the exact opposite trend was seen in the other 2 age groups: glottic and all cancer-related survival rates increased over time in the 20-to 49-year-old and the 65 years and older age groups. In non-cancer-specific survival rates, all groups showed a slight, but insignificant, decrease over time.
The RRs (95% CIs) by age are as follows (ratios were calculated by dividing the survival rate of 1995-1996 by the survival rate of 1977-1978). For laryngeal cancer, in the 20-to 49-year-old group, the RR was 1.1 (95% CI, 0.8-1.4); in the 50-to 64-year-old group, the RR was 0.8 (95% CI, 0.7-0.9) (P=.002); and in the 65 years and older group, the RR was 1.1 (95% CI, 0.9-1.2). For all cancer, in the 20-to 49-year-old group, the RR was 1.1 (95% CI, 0.8-1.6); in the 50-to 64-year-old group, the RR was 0.8 (REPRINTED) ARCH OTOLARYNGOL HEAD NECK SURG/ VOL 134 (NO. 4), APR 2008 (95% CI, 0.7-0.9) (PϽ.001); and in the 65 years and older group, the RR was 0.9 (95% CI, 0.8-1.1). For non-cancerspecific data, in the 20-to 49-year-old group, the RR was 0.9 (95% CI, 0.8-1.1); in the 50-to 64-year-old group, the RR was 0.9 (95% CI, 0.8-1.0); and in the 65 years and older group, the RR was 1.0 (0.8-1.2).
Examining trends in survival of regional stage glottic cancer by age and birth cohort revealed an overall de- 3) (P = .40) for regional disease. In D, the EBAPC (95% CI) was −8.6 (−12.0 to −5.2) (P Ͻ .001) for localized disease and 1.6 (−0.3 to 3.7) (P=.10) for regional disease. In E, the EBAPC (95% CI) was 4.0 (1.1 to 9.3) (P = .11) for localized disease from 1973 to 1987, −11.1 (−15.0 to −6.9) (PϽ.001) for localized disease from 1987 to 2003, 9.6 (0.1-20.1) (P = .05) for regional disease from 1973 to 1983, and −1.6 (−4.2 to 1.0) (P =.20) for regional disease from 1983 to 2003. In F, the EBAPC (95% CI) was 7.8 (0.4-15.9) (P = .04) for localized disease from 1973 to 1983, −4.1 (−6.3 to −1.8) (P =.002) for localized disease from 1983 to 2003, 7.9 (4.1-11.8) (P Ͻ .001) for regional disease from 1973 to 1987, and −1.0 (−3.3 to 1.4) (P = .39) for regional disease from 1987 to 2003.
crease in survival in patients of late cohorts (Figure 4 ). The effect of birth cohort was particularly evident in the survival curve of the group aged 50 to 59 years, with a significant decrease beginning in the 1924 to 1929 cohort ( Figure 4B ). Restated, patients with regional glottic cancer in this age group had a lower 5-year survival if they were born after 1923. Analysis according to treatment strategy is shown in Figure 5 . In the 50-to 64-year-old age group, a decreasing survival trend was observed across all treatments, including surgery only, radiation only, and combined surgery and radiation. Cancer-specific 5-year survival of those with regional glottic cancer did not vary with treatment modality. A significant trend in survival was found in noncancer-specific mortality in patients treated with surgery only ( Figure 5D ). Further analysis on the proportion of patients treated with each modality is depicted in Table 2 . Over time, there is a significant trend toward increased use of radiation therapy and decreased treatment with surgery alone. Last, regional stage tumors in this age group were classified according to histologic tumor grade ( Table 3 and Table 4 ). The proportion of well-differentiated tumors in patients with regional glottic disease decreased significantly over time. In 1977 In -1978 .2% of regional disease was histologically well differentiated, significantly higher than the 15.8% of well-differentiated disease seen in 2001-2002. No significant time-dependent changes in tumor grade were found in localized disease. A similar trend was found in regional supraglottic disease.
COMMENT
Release of newly expanded data from the SEER database program has prompted a reexamination of survival rates for a multitude of cancer types. Laryngeal cancer was unique among this group of 24 cancers as the only type to experience a decrease in 5-year survival rates. 1 In a recent analysis of the SEER database, Carvalho et al 13 report survival trends for various sites of head and neck cancer. In their analysis of laryngeal cancer, they report a decrease in 5-year survival for local disease, no change for patients with regional disease, and an improvement in 5-year survival in distant or late-stage laryngeal cancer. These results seem to conflict with the findings of this study. One explanation for this discrepancy lies in the years of data included in each analysis. Carvalho et al use the SEER data from 1974 to 1997 in their calculation of overall survival trends; however, in their analysis of stage-specific survival, they include only the data from 1983 to 1997. In doing so, they exclude a period of relatively improved survival for regional and distant disease reported from 1974 to 1978. Exclusion of these data would contribute to the variance in results between studies. In addition, Carvalho et al grouped all subsites of laryngeal cancer, rather than a separate analysis of glottic vs supraglottic cancer, thus adding to the differences between studies. A recent report by Hoffman et al 1 also examined trends in laryngeal cancer survival in the past 2 decades. Using the National Cancer Data Base and SEER data, their study reports a decrease in survival of patients with glottic and supraglottic laryngeal cancer that varied by TNM stage. 1 In general, the results of the present study support those of Hoffman et al and report a more pronounced decline in survival in patients with advanced stage disease.
The present report uses the SEER database program to analyze 5-year survival in patients with laryngeal can-cer by age, laryngeal subsite, tumor stage, histologic grade, and treatment strategy. Overall, the data depict a significant decline in survival in patients with regional stage glottic cancer; from 1977 through 2003, a nearly 20% decrease in 5-year survival rates of advanced glottic cancer was observed. In addition, a significant decrease was found in survival rates of distant disease of glottic and supraglottic cancer during these 2 decades. There are multiple factors that may explain these results, including (1) the phenomenon of stage drift; (2) changing trends in treatment; (3) spurious data from the early cohorts; (4) the nature of relative survival rates and the impact of comorbidities; (5) a change in causative factors or carcinogenic exposure, such as tobacco; and (6) a change in the disease itself.
To begin, the confounding influence of stage drift can be created by advances in diagnostic technology. Specifically, a lesion classified as early-stage disease in the precomputed tomographic scan era would be diagnosed as advanced when more sophisticated imaging is used. Therefore, a trend toward increased incidence of advanced disease may reflect the introduction and application of improved diagnostic technology and not a change in the aggressiveness or behavior of the disease itself. The overall trends in our data support a decreasing incidence in local disease and an increase in regional disease over the period studied. On the other hand, stage drift would likely lead to a positive survival trend in categorical groupings. For example, as radiologic sophistication restaged early disease as more advanced, the advanced cancer group would be "diluted" with patients who demonstrate an earlier form of the disease. Thus, stage drift would likely manifest in an overall increase in survival of advanced stage cancer. However, this was not demonstrated in our results.
In fact, our data support the opposite (ie, a decrease in survival of regional stage glottic cancer). Thus, the complex phenomenon of stage drift cannot solely account for the results of this study. Not only the diagnostic modalities but also the treatment of laryngeal cancer has changed in the past 20 years. More important, nonsurgical treatment, specifically radiation and chemotherapy, was introduced and widely applied to laryngeal carcinoma. 1 As depicted in Figure 5 , however, the decrease in survival of regional glottic cancer is likely not entirely attributable to a change in treatment strategy. The magnitude of decrease in cancerspecific survival rates was approximately 20% for all treatment modalities, including surgery, radiation, and combined therapy, from 1977 to 1996. Throughout the period examined, there was a significant trend toward more frequent use of radiation therapy alone and decreased use of surgery alone. While reflecting an evolving treatment paradigm in laryngeal cancer, patients in each treatment modality demonstrated decreased survival over time.
Evidence of the insignificance of treatment modality is also found in the stable survival trends among patients with regional glottic cancer of the age groups 20 to 49 years and 65 years and older. If treatment plays a role in promoting survival, it should impact all ages rather than only patients aged 50 to 64 years, unless different treatments are used at different ages. These data are not an appropriate evaluation of therapeutic effectiveness of a given treatment modality. However, they do demonstrate a consistent decrease in relative survival independent of changes or trends in treatment strategy.
Analysis of the data must mention the possibility of spurious results. In Figure 4 , patients in the earliest cohorts demonstrate strikingly good survival. It is possible that these data are spurious and inappropriately influence the analysis toward significance.
Another potentially confounding factor is the influence of comorbid disease. Survival rates in this study refer to relative survival rates. As the treatment of comorbidities improves with time, patients in later cohorts may survive their comorbid disease and succumb to laryngeal carcinoma. This is somewhat unlikely, however, because this confounding variable should influence all patients within a given cohort equally.
Finally, the decrease in survival of patients with regional glottic carcinoma may be explained by a change in causative factors, including carcinogenic exposure. The relationship between carcinogens, specifically tobacco and alcohol, and laryngeal cancer has long been recognized. [14] [15] [16] Shifting trends in tobacco use may be implicated in observed changes in survival statistics and disease characteristics. Although the absolute number of tobacco users has decreased dramatically since 1965, recent reports 17, 18 suggest that this may disproportionately represent the occasional or limited tobacco user. From 1993 to 2000, the percentage of smokers who report everyday tobacco use has increased. 17, 18 Thus, while overall tobacco use has clearly decreased, there seems to be a trend toward increased intensity among remaining smokers. Prior research 19 examining carcinogenic exposure on a cellular level has linked intensity of carcinogenic exposure, amount of genetic damage, and carcinogenesis. This positive relationship supports the idea that increasing intensity of tobacco exposure may be related to the increased incidence and decrease survival of late-stage disease. In addition, histologic changes in disease characteristics seem to parallel trends in tobacco use and disease survival. To our knowledge, trends in histopathologic differentiation among laryngeal cancer tumors have not been previously reported. However, this phenomenon has been examined in other tobacco-related cancers, specifically lung cancer. The leading histologic type of lung cancer has undergone a well-documented shift from a squa- In A, for 1929 to 1934, the RR was 0.87 (95% CI, 0.7-1.1) (P =.39); for 1935 to 1940, the RR was 0.79 (95% CI, 0.6-1.1) (P = .18); and for 1941 to 1946, the RR was 0.69 (95% CI, 0.5-0.9) (P =.03). In B, for 1924 to 1929, the RR was 0.67 (95% CI, 0.5-0.9) (P=.009); for 1930 to 1935, the RR was 0.76 (95% CI, 0.6-1.0) (P = .08); and for 1936 to 1941, the RR was 0.75 (95% CI, 0.6-1.0) (P =.04). In D, for 1914 to 1919, the RR was 0.83 (95% CI, 0.7-1.1) (P = .18); for 1920 to 1925, the RR was 0.85 (95% CI, 0.7-1.1) (P = .24); and for 1926 to 1931, the RR was 0.77 (95% CI, 0.6-1.0) (P = .04).
mous cell carcinoma to adenocarcinoma, and this evolution has paralleled the change in cigarette composition and tobacco use. 3, 20 The introduction and widespread use of filtered cigarettes in the 1950s is believed to have changed smoking behaviors and may account for the his-tologic trends observed in lung cancer. 3, 20, 21 Thun et al 20(p1580) suggest that "the increase in lung adenocarcinoma since the 1950s is more consistent with changes in smoking behavior and cigarette design than with diagnostic advances." Our histologic analysis of regional Survival rates for patients with regional stage glottic cancer aged 50 to 64 years. A, Cancer-specific rates for those who underwent surgery only; B, cancer-specific rates for those who underwent radiation only; C, cancer-specific rates for those who underwent surgery and radiation; D, non-cancer-specific rates for those who underwent surgery only; E, non-cancer-specific rates for those who underwent radiation only; and F, non-cancer-specific rates for those who underwent surgery and radiation. The increase in number of patients with glottic cancer is because of an increase in the population included in the Surveillance, Epidemiology, and End Results (SEER) database. The SEER regional catchment areas increased from 9 in 1973 to 1991 to 13 in 1992 to 1999 and to 17 in 2000 to 2003. a Data are given as number (percentage) of patients in each period for each stage of cancer. For regional data: 2 1 = 7.25 (P = .007) for testing the trend of proportion of well-differentiated tumor. For localized data: 2 1 = 0.81 (P = .37) for testing the trend of proportion of well-differentiated tumor. b The sum of column percentages may not total 100 because of rounding. laryngeal cancer also documents a shift toward less differentiation, which seems to parallel decreasing survival trends and changing patterns in tobacco use. These data address the complex interaction between causative agents, including known carcinogens, such as tobacco and alcohol, and host factors that affect disease manifestation and patient survival.
The present study used fixed patient cohorts to describe temporal trends of survival in laryngeal cancer. Each of these cohorts had at least a 5-year observation period for survival, and these windows did not overlap each other in time. These methodological considerations are important in the use of cancer registry patients for whom follow-up periods are varied. In general, cancer survival is relatively high during the first several years. Because the last patient cohorts had observation periods of less than 5 years, their survival rate may be higher than those of earlier cohorts, with a greater window of observation.
Our analysis excluded patients with second or later cancer primary tumors. Such exclusion is necessary for analysis of cause-specific survival. Inherent in any database analysis, however, is the possibility of incorrect diagnosis or inappropriate attribution of mortality to noncancer-related death when, in fact, a second primary or metastatic disease may be culpable.
In conclusion, decreasing 5-year relative survival trends were demonstrated among patients with glottic cancer and regional disease and in patients with both glottic and supraglottic cancer as well as distant disease. Histopathologic trends not previously reported in laryngeal cancer seem to parallel those seen in other tobacco-related cancers. These trends may reflect the effect of birth cohorts with a unique exposure to carcinogens and changing trends in tobacco use over time, rather than an influence of treatment modality. Further research into the biological, genetic, and environmental interactions between carcinogenic exposure, specifically tobacco, and laryngeal cancer is warranted. 
